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Taurine modulates blood pressure and renal function. As the
kidney plays a pivotal role in long-term control of arterial
pressure, we tested the hypothesis that taurine-deficient rats
display maladaptive renal and blood pressure responses to
uninephrectomy. Control and taurine-deficient (i.e.,
b-alanine-treated) rats with either one or two remaining
kidneys were fed diets containing basal or high (8%) NaCl
diet. Urine osmolality was greater in the taurine-deficient
than controls fed a normal NaCl diet; proteinuria and blood
pressure were unaffected by uninephrectomy. Following
6 weeks on an 8% NaCl diet, the uninephrectomized (UNX)
animals developed significant hypertension, which was more
severe in the taurine-deficient group; baroreflex function was
unaffected. However, the UNX taurine-deficient rats
displayed impaired ability to dispose of an acute isotonic
saline volume load before a switchover to a high NaCl diet.
Nonetheless, a more protracted exposure (i.e., 14 weeks) to
dietary NaCl excess eliminated the blood pressure differential
between the two groups; at this stage, renal excretory
responses to an acute saline volume load or to atrial
natriuretic peptide were similar in the two groups.
Nonetheless, hypertensive taurine-deficient rats displayed
greater proteinuria, although both groups excreted proteins
of similar molecular weights (B15–66 kDa). Further,
taurine-deficient kidney specimens displayed periarterial
mononuclear cell infiltrates with strong immunoreactivity to
the histiocyte marker CD68, suggestive of increased
phagocytic activity. In conclusion, taurine deficiency
modulates renal adaptation to combined uninephrectomy
and dietary NaCl excess, resulting in an accelerated
development of hypertension.
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The amino acid, taurine, serves as an important osmolyte in
mammalian cells, including those of the kidney. Owing to
this function, it has been suggested that the intracellular
accumulation of taurine in renal tubule cells helps maintain
intracellular osmolality and cell volume when exposed to the
high extracellular ionic gradient of the medullary intersti-
tium.1–6
Aside from its role in cell volume regulation, several lines
of evidence also suggest that taurine modulates renal
function and body fluid homeostasis through the release
and renal actions of arginine vasopressin (AVP). First, taurine
modulates AVP secretion from the supraoptic nucleus of the
hypothalamus, raising the possibility for taurine-mediated
modulation of body fluid status through a central mode of
action.7 Second, taurine-deficient rats display attenuated
renal excretory responses to the administration of a
hypotonic, but not a hypertonic, saline infusion.8 Third,
taurine-deficient rats display an elevated plasma AVP
concentration in conjunction with increased baseline urine
osmolality.9 Fourth, following intravenous administration of
a selective antagonist of the renal AVP receptor (e.g., V2
receptor), taurine-deficient rats display a more marked
reduction in urine osmolality.9 Yet, taurine deficiency reduces
renal excretion of sodium and fluid following administration
of an AVP receptor antagonist, suggesting that other factors
beside the AVP system contribute to altered renal function in
taurine-deficient animals.9 Nonetheless, given the pivotal role
of the kidney in chronic blood pressure regulation, it seemed
likely that taurine deficiency might influence blood pressure
through the modulation of renal function.
Abnormal renal function is a feature of other conditions,
such as spontaneous or salt-sensitive hypertension. When
arterial pressure is reduced, the spontaneously hypertensive
and the Dahl salt-sensitive rats excrete less sodium and fluid
than their normotensive controls.10–12 This suggests that a
resetting of the pressure–diuresis–natriuresis mechanism
occurs to re-establish fluid and sodium homeostasis. This
important homeostatic mechanism becomes operative in the
uninephrectomized (UNX) animal.13 The removal of one
kidney from a normotensive rat triggers compensatory
mechanisms that enhance natriuresis and diuresis in the
remaining kidney. As a result, the UNX rat remains
normotensive when fed a basal NaCl diet. Nonetheless, when
http://www.kidney-international.org o r i g i n a l a r t i c l e
& 2006 International Society of Nephrology
Received 19 August 2005; revised 15 February 2006; accepted 24
February 2006; published online 7 June 2006
Correspondence: MS Mozaffari, Department of Oral Biology and Max-
illofacial Pathology, CL 2134, Medical College of Georgia, Augusta, Georgia
30912-1128, USA. E-mail: mmozaffa@mail.mcg.edu
Kidney International (2006) 70, 329–337 329
fed a high NaCl diet, the UNX rat develops a gradual and
significant increase in blood pressure associated with an
increased ability for diuresis and natriuresis.13 Thus, the
development of hypertension, in an otherwise normotensive
rat, represents an adaptive or compensatory mechanism that
allows the UNX animal to cope with an increased demand for
diuresis and natriuresis imposed by the high NaCl diet.
Nonetheless, protracted reliance on this adaptive mechanism
has adverse consequences for the kidney, given the well-
recognized impact of long-standing systemic hypertension on
target organs.14,15
Interestingly, taurine treatment largely prevents age-
dependent renal dysfunction of the UNX rat and ameliorates
the deficit in renal excretory function of the hypertensive-
glucose-intolerant rat.16,17 As taurine improves renal func-
tion, it is likely that taurine deficiency might adversely affect
renal function of the UNX rat. Although the influence of
taurine supplementation on the kidney and/or blood
pressure has been investigated,16–24 to our knowledge, no
information is available regarding the impact of endogenous
taurine deficiency on renal function and blood pressure in
animals with reduced renal mass. Therefore, we tested the
hypothesis that the taurine-deficient rat displays maladaptive
renal and blood pressure responses to the loss of one kidney
and/or dietary NaCl excess.
RESULTS
The results of protocol I (Figure 1) show that despite
differences in fluid intake and urine excretion, the ratio of
urine output to fluid intake remained similar in the control
and taurine-deficient groups (Figure 2a–c). Nonetheless,
urine osmolality was greater for the taurine-deficient,
two-kidney rat than the control rat fed a basal NaCl diet
(Figure 2d), suggesting altered regulation of urine concen-
trating ability.
We then examined whether taurine deficiency affects the
function of the stressed kidney undergoing compensatory
overgrowth in response to uninephrectomy (protocol II,
Figure 1; Figures 3–6). The taurine-deficient group, fed the
normal NaCl diet, displayed a slight reduction in body weight
after 3 weeks of uninephrectomy (25077 vs 27373 g;
Po0.05). At the conclusion of the 11-week study (i.e., 6
weeks after the high NaCl diet), body weight was similar in
the taurine-deficient and control groups (31676 vs
32174 g). The weight of the right kidney was unaffected
by 2 weeks of b-alanine treatment (0.9070.01 vs
0.9070.04 g). At the conclusion of the study, the weight of
the remaining left kidney was 1.8070.05 g in the control
group and 1.8070.01 g in the taurine-deficient group. Thus,
the remaining left kidney experienced a significant increase in
weight post-uninephrectomy (i.e., 2–11 weeks), an effect
owing to the combination of compensatory growth, high
NaCl diet, development of hypertension, and aging.
Figure 3 shows that 2 weeks of b-alanine treatment
markedly reduced the taurine content of the right kidney.
b-Alanine treatment was equally effective (on a percentage
basis) in reducing taurine content in the right kidney before
uninephrectomy and the left kidney following the combina-
tion of uninephrectomy and the high salt diet; myocardial
taurine content was also reduced by b-alanine treatment
(Figure 3). The slight, albeit significant, increase in taurine
content of the remaining left kidney was related to the high
salt diet, as rats with two intact kidneys showed a significant
elevation in renal taurine content when fed a high NaCl diet
for 2 weeks (12.870.6 vs 10.970.5 mmol/g wet wt., n¼ 5
rats/group; Po0.05). Blood pressure and heart rate were
unaffected in rats retaining two kidneys and fed a high NaCl
diet (data not shown).
The daily water intake (23.370.6 vs 27.570.9 ml) and
excretion of fluid (11.670.4 vs 15.171.1 ml), sodium
(0.970.05 vs 1.270.0 mEq) and potassium (4.270.2 vs
5.17.2 mEq) tended to be lower in the two-kidney taurine-
deficient rat than in the control rat fed the normal NaCl diet
(e.g., day 4 values; Figure 4a–d). Following uninephrectomy,
both groups excreted similar amounts of fluid and electro-
lytes over a 24-h period; the excretion values were similar to
those achieved earlier with rats retaining two intact kidneys
(Figure 4b–d). As expected, when the animals were switched
to the high NaCl diet, daily intake of fluid was markedly
increased (Figure 4a). Associated with the elevated intake of
fluid and sodium, there was a marked increase in daily
fluid and sodium excretion. However, potassium excretion
was largely unaffected by the switch to the high NaCl diet
(Figure 4a–d).
A noted feature of the taurine-deficient rat with either one
or two intact kidneys was the increase in urine osmolality
(Figures 2d and 4e). When the UNX animals were switched
to a high NaCl diet, both groups showed a marked decline
in urine osmolality. However, the taurine-deficient group
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Figure 1 | The flow diagram summarizes experimental protocols
I–IV. Number of animals in each group is indicated in parenthesis.
UNX: uninephrectomized.
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showed a large enough reduction in urine osmolality to
eliminate the differential that existed between the two groups
during consumption of the basal NaCl diet (Figure 4e).
Daily protein excretion of rats fed the normal NaCl diet
was similar in the taurine-deficient and the control groups,
irrespective of the number of intact kidneys. Following the
switchover to the high NaCl diet, both UNX groups displayed
significant increases in proteinuria. Taurine deficiency did
not affect daily protein excretion following 6 weeks on high
NaCl diet (Figure 4f).
Mean arterial pressure (11377 vs 11274 mm Hg; tail
cuff) and heart rate (395724 vs 376713 beats/min) were
similar in the two-kidney control and taurine-deficient
groups fed the normal NaCl diet. Three weeks after
uninephrectomy, mean arterial pressure (10574 vs 1137
3 mm Hg) and heart rate (367721 vs 364720 beats/min)
remained similar in the two groups; both groups consumed
the normal NaCl diet during this time. Thus, neither taurine
deficiency nor uninephrectomy alone significantly affected
blood pressure or heart rate. However, switching the UNX
animals to the high NaCl diet resulted in a gradual increase in
blood pressure in both groups. Yet, as shown in Figure 5, the
taurine-deficient group developed a more exaggerated
increase in blood pressure than the control group. It is
noteworthy that loss of one kidney at about 10, in contrast to
4 weeks of age, results in a more accelerated decline in
diuresis and natriuresis.25 This likely underlies the earlier,
more robust, increase in blood pressure in this study than
when uninephrectomy is performed at 4 weeks of age.13
Interestingly, however, both groups displayed similar changes
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Figure 2 | Urine samples (48-h; protocol I) were collected from taurine-deficient and control animals for assessment of (a) cumulative
fluid intake, (b) cumulative urine excretion, (c) ratio of urine output to fluid intake, and (d) urine osmolality. Data are means7s.e.m. of 4
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Figure 3 | b-Alanine treatment caused a significant reduction in
tissue taurine content of the kidney and the heart. The right
kidney was removed from the animals that were fed the basal or
normal NaCl diet. The left kidney and the heart were removed at the
conclusion of the experiment and thus were exposed to 6 weeks of
high NaCl diet and hypertension (i.e., protocol II). Data are
means7s.e.m. of four control and five taurine-deficient rats. *Po0.05
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in mean arterial pressure and heart rate to escalating doses of
either phenylephrine or sodium nitroprusside (Figure 6).
Thus, under these conditions, it is unlikely that taurine
deficiency causes a dysfunctional baroreflex mechanism.
We reasoned that development of exaggerated blood
pressure in response to dietary NaCl excess in the UNX
taurine-deficient rat may relate to abnormal adaptation of
the animal to the need for greater diuresis and natriuresis.
Although daily fluid and sodium excretion was not affected
by taurine deficiency in the UNX rat (Figure 4b–c), we
conjectured that a deficit in renal excretory function would
be present in the UNX taurine-deficient rat fed the basal
NaCl diet (i.e., before development of NaCl-induced
hypertension). We further hypothesized that the functional
deficit contributed to the greater rise in blood pressure.
Moreover, the deficit could be unmasked following maneu-
vers (e.g., volume expansion) requiring enhanced diuresis
and natriuresis.
In comparison to the UNX control rat, the UNX taurine-
deficient rat exhibited a reduction in diuresis and natriuresis
following a 5% isotonic saline volume load (Figure 7); these
responses were determined 3 weeks post-uninephrectomy
whereas the animals were fed the basal NaCl diet (protocol
III, Figure 1). As glomerular function was only slightly
reduced by taurine deficiency (Figure 7d) whereas the
fractional excretions of fluid and sodium were significantly
reduced in the taurine-deficient rat, the reduction in saline
volume-induced diuresis and natriuresis is primarily related
to enhanced tubular reabsorption of fluid and sodium
(Figure 7e–f). Similar results were obtained with control
(n¼ 3) and taurine-deficient (n¼ 4) animals infused with a
10% isotonic saline load (intravenounsly); 90 min after
initiation of infusion, control animals excreted 18–24%,
whereas taurine-deficient animals excreted 11–17% of the
administered sodium (P¼ 0.0502) and fluid (Po0.05) loads.
The effect of taurine deficiency on blood pressure could
relate to the acceleration and/or exacerbation of NaCl-
induced hypertension. Therefore, in protocol IV (Figure 1),
additional groups of UNX control and taurine-deficient rats
were monitored for 14 weeks after initiation of dietary NaCl
excess. Figure 8a shows that taurine deficiency accelerated
NaCl-induced hypertension, with blood pressure being
higher in the taurine-deficient rats during the initial 8 weeks
of dietary NaCl excess. However, both groups displayed
similar blood pressure values with prolonged high NaCl
feeding (Figure 8a). Neither heart rate (Figure 8b), body
weight (37677 vs 35879 g), nor kidney weight (2.170.1 vs
2.170.1 g) were significantly affected by superimposing
taurine deficiency on hypertension. As expected, taurine
content of the remaining left kidney was lower in the
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hypertensive taurine-deficient rats than the hypertensive
control group (E46%; Po0.05). Interestingly, the hyperten-
sive taurine-deficient rats exhibited greater (E27%) protei-
nuria than their hypertensive control counterparts (Figure 8c;
Po0.05), although both groups excreted proteins of similar
molecular weights (B15–66 kDa; Figure 8d). Interestingly,
urine samples of hypertensive rats displayed a protein band
of similar molecular weight to that of bovine serum albumin,
a feature not seen with urine samples from age- and strain-
matched normotensive rats (Figure 8d).
In order to determine whether impaired renal excretory
function is a feature of the taurine-deficient rat during the
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‘established’ phase of NaCl-induced hypertension (i.e.,
protocol IV), renal excretory responses to an acute isotonic
saline volume expansion (5% of body weight) were
determined. After an overnight rest, renal and hemodynamic
responses were also determined following intravenous
administration of atrial natriuretic peptide (ANP); ANP is
normally released following central hypervolemia and exerts
prominent effects on the kidney.16 As shown in Figure 9,
diuretic and natriuretic responses to either an isotonic saline
volume expansion or administration of atrial natriuretic
peptide were similar in the hypertensive control and
hypertensive taurine-deficient rats. Baseline values for
glomerular filtration rate and fractional excretion of fluid
and sodium were similar in the two groups; both groups
displayed similar changes in these parameters during
administration of either an isotonic saline volume load or
atrial natriuretic peptide (data not shown). While blood
pressure was not significantly affected by administration of
the 5% saline volume load, it decreased following ANP
administration with the effect greater in the taurine-deficient
than in the control hypertensive rats (14 vs 7 mm Hg;
Po0.05 for the former group).
In light of the greater proteinuria in the hypertensive
taurine-deficient group, renal tissues were processed for light
microscopy. Histological examination of the kidneys revealed
generally similar glomerular, tubular and vascular architec-
ture, and foci of tubular dilatation with colloidal casts for the
two groups (Figure 10a and b hematoxylin–eosin); periodic
acid Schiff-stained tissue sections are not shown. However,
the most distinguishing feature between the two groups was
the presence of periarterial mononuclear cell infiltrates in
taurine-deficient kidneys (Figure 10b–d). These infiltrates
were composed of polyhedral cells, which exhibited con-
voluted vesicular nuclei surrounded by eosinophilic cyto-
plasm. These cells were interpreted as histiocytes and reacted
positively to the histiocytic marker CD68 (Figure 10d),
whereas the hypertensive kidneys did not show these
mononuclear cell infiltrates (Figure 10 panel d, inset). No
immunoreactivity was detected against LCA or CD21,
markers of lymphocytes or dendritic cells, respectively (data
not shown).
DISCUSSION
A novel finding of this study is that hypertension is
accelerated in the UNX, taurine-deficient rat fed a high
NaCl diet. This effect of taurine deficiency is not associated
with impairment in baroreflex function. Rather, the UNX,
taurine-deficient rat manifests an impaired ability to dispose
of an acute saline volume load during periods of normal
NaCl feeding. During high NaCl feeding, this renal deficit
predisposes the animal to an accelerated rise in blood
pressure, with the hypertension being a compensatory coping
mechanism that allows for enhanced diuresis and natriuresis.
Interestingly, however, with a more protracted period of high
NaCl consumption (i.e., 6 vs 14 weeks), blood pressure
further rises in the UNX control causing the differential in
blood pressure between the taurine-deficient and control rats
to be eliminated. Renal excretory responses to the adminis-
tration of either a saline volume expansion or to ANP were
similar in the two groups during this ‘established’ phase of
hypertension (i.e., protocol IV). Despite similar blood
pressure values, during the ‘established’ phase, the hyperten-
sive taurine-deficient rats displayed greater proteinuria,
suggesting a differential susceptibility to the adverse effect
of high blood pressure. Taken together, the results indicate
that taurine deficiency affects renal adaptation to the stresses
of reduced mass and elevated dietary NaCl, resulting in
accelerated development of hypertension.
We have previously shown that augmented sympathetic
nervous system activity contributes to the development of
hypertension in the UNX rat fed a high NaCl diet.26 Taurine
is reported to exert a sympatholytic effect and affect vascular
reactivity.23,27–29 It is likely that taurine deficiency provides
a more permissive environment for the development of
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Figure 10 | Hematoxylin–eosin sections of the kidneys from
(a) hypertensive control and (b–c) hypertensive taurine-deficient
rats. (b–d) Presence of mononuclear cell infiltrates in the hypertensive
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(d) histiocyte marker CD68; (d, inset) the hypertensive kidney shows
no positive staining in response to CD68. The magnification is
indicated on each panel and arrow (b) shows round cell infiltrates.
Original magnification (a, b, d)  200; (c)  40; and (d, inset)  100.
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accelerated hypertension because taurine’s sympatholytic
effect should be attenuated and the vasoconstrictor responses
enhanced. Sympathoexcitation and changes in vascular
reactivity also mediate the hypertensinogenic effect of dietary
NaCl excess in other animal models.30,31
As baroreflex function was not affected by taurine
deficiency, we next examined the role of the kidney in the
differential response of the UNX, taurine-deficient rat to
dietary NaCl excess. The development of NaCl-induced
hypertension is generally associated with a marked elevation
in daily fluid and sodium excretion. This occurs because the
rise in blood pressure resets the pressure–diuresis–natriuresis
relationship to enable the remaining kidney to cope with the
increase in sodium load.13 Yet, despite the greater elevation in
blood pressure during the initial weeks following exposure to
the high NaCl diet, the daily excretion of fluid and sodium
was similar in the taurine-deficient and control rats. One
interpretation of this finding is that taurine deficiency
impairs renal adaptation to unilateral nephrectomy. In
support of this notion, we showed that the UNX taurine-
deficient rat displays a reduction in its ability to dispose of a
saline volume load during normal NaCl feeding. Yet, the
animal is able to maintain normal daily fluid and sodium
excretion. However, the underlying functional deficit be-
comes important during high NaCl feeding, which increases
the demand for diuresis and natriuresis. As a result, blood
pressure rises, which serves as a ‘compensatory’ mechanism
insuring proper maintenance of fluid and sodium excretion.
It is noteworthy that a renal functional deficit also precedes
the development of hypertension in the spontaneously
hypertensive rat.32 Interestingly, however, the differential in
blood pressure between the hypertensive taurine-deficient
and control rats was eliminated with more chronic (i.e., 14
weeks) exposure to dietary NaCl excess. During this
‘established’ phase of hypertension, renal excretory responses
to either an isotonic saline volume load or ANP administra-
tion were similar in the two groups. Taken together, the data
suggest that the impact of taurine deficiency on renal
function is not insurmountable. In the initial stages of
dietary NaCl excess, the more rapid rise in blood pressure of
the taurine-deficient UNX rat helps overcome the renal
functional deficit. However, some unknown mechanism acts
to normalize fluid and sodium excretion during the
‘established’ phase of hypertension.
The provision of dietary NaCl excess, and attendant
hypertension, was associated with increased proteinuria in
both the control and the UNX, taurine-deficient animals. As
taurine supplementation is renoprotective and reduces
proteinuria in several animal models,17,18,22,24 we had
expected that its deficiency would increase protein excretion.
Yet, taurine deficiency did not significantly alter the degree of
proteinuria in the two-kidney normotensive animal, the one-
kidney normotensive animal, or the UNX, taurine-deficient
rat treated with high salt for a few weeks to produce an
accelerated onset of hypertension. However, the hypertensive
taurine-deficient group displayed greater proteinuria, during
the ‘established’ phase of hypertension (e.g., 14 weeks), in
which the blood pressure was similar in the taurine-deficient
and control rats. Interestingly, both hypertensive groups
excreted proteins of similar molecular weights
(B15–66 kDa). The larger protein has a molecular weight
similar to albumin, suggesting a glomerular contribution,
whereas the lower molecular weight protein bands are
suggestive of a tubular contribution (e.g., overflow; Tryggva-
son and Pettersson33). By contrast, the 66 kDa band was not
detected for the age- and strain-matched normotensive rats.
It is noteworthy that the greater proteinuria in the
hypertensive taurine-deficient group than the hypertensive
group could not be linked to any obvious structural
alteration of the kidney at light microscopic level. However,
a unique feature of the hypertensive taurine-deficient kidney
was the presence of periarterial histiocytes consistent with
increased phagocytic activity. In this regard, it is important
that hepatocyte apoptosis is a major contributor to liver
injury in taurine transporter knockout mice.34 Thus, further
studies should address whether histiocyte infiltration in
hypertensive taurine-deficient kidneys relates to altered cell
turnover.
Another important finding of this study relates to the
modulation of urine osmolality by taurine deficiency and
dietary NaCl excess. Urine concentrating ability is regulated
by at least two mechanisms.35 The first mechanism involves
the expression and activity of the apical water channels
(AQP2) in the collecting ducts and is strongly dependent on
AVP. The second mechanism is the bumetanide-sensitive
sodium–potassium–chloride cotransporter in the thick as-
cending limb of the loop of Henle; this cotransporter is
regulated through both AVP-dependent and -independent
mechanisms (e.g., angiotensin II and sympathoexcitation,
both of which are affected by NaCl diet; Mozaffari et al.26 and
Stocker et al.36). Taurine (deficiency) is known to modulate
the AVP system.7,9 Whether taurine deficiency affects
sodium–potassium–chloride cotransporter expression and
activity remains to be established.
In conclusion, taurine deficiency alters renal concentrating
ability. In addition, taurine-deficient rats develop accelerated
hypertension after uninephrectomy and dietary NaCl excess.
This is likely related to the triggering of a more robust
‘compensatory’ mechanism to cope with renal excretory
dysfunction in the taurine-deficient animal. However, with
more protracted exposure to dietary NaCl excess, the UNX
control and taurine-deficient rats display similar blood
pressure and renal excretory responses to either a saline
volume expansion or to ANP. Nonetheless, a protracted
elevation in blood pressure in the taurine-deficient rat leads
to elevated proteinuria in association with increased tissue
histiocytes, the latter suggestive of increased phagocytic
activity. These observations, together with our previous
demonstration of taurine modulation of vascular reactiv-
ity,27–29,37 suggest that endogenous taurine stores serve as an
important homeostatic mechanism in the regulation of renal
and cardiovascular functions.
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MATERIALS AND METHODS
Preparation of experimental groups
Animals. Male Wistar–Kyoto rats, 7–8 weeks of age, were
obtained from Harlan laboratories (Indianapolis, IN, USA). The use
of animals in this study was in accordance with the National
Institute of Health guide on Humane Treatment of Laboratory
Animals. Two days after arrival, the animals were randomly assigned
to receive tap water (control) or tap water containing 3% b-alanine
for 2 weeks; Figure 1 depicts experimental protocols I–IV. b-Alanine
and taurine are taken up via the Naþ , Kþ , and Cl-dependent
b-amino-acid transporter. Thus, b-alanine serves as a taurine uptake
inhibitor and its inclusion in the drinking fluid significantly reduces
tissue content of taurine.8,9,21,22,27,28,37–40 b-Alanine does not
accumulate in cells as it is readily metabolized to malonic
semialdehyde and eliminated as carbon dioxide.40 Several reports
indicate that alterations in the b-alanine-treated rat are likely caused
by taurine deficiency rather than b-alanine toxicity.9,21,37 The animals
had free access to drinking fluid and food (basal or normal NaCl diet;
Harlan diet 8604, unless otherwise specified) and either retained two
intact kidneys or were subjected to unilateral nephrectomy.
Unilateral nephrectomy and dietary NaCl excess
(Figure 1). Two weeks after b-alanine treatment, the right kidney
was removed (50–60 mg/kg pentobarbital, intraperitoneally) and
processed for determination of taurine content.9,21,40 After 3 weeks
of compensatory renal hypertrophy, the animals were switched to a
diet containing 8% NaCl diet for an additional 6 or 14 weeks (ICN
Pharmaceuticals Inc., Costa Mesa, CA, USA). As the animals on the
high NaCl diet drink three to four times more fluid, they were
provided with 1% b-alanine solution. At various intervals through-
out the study, body weight, daily excretory function, and tail-cuff
hemodynamics were measured for each rat (IITC Inc./Life Science
Instruments, Woodland Hills, CA, USA).
Assessment of baroreflex function
Blood pressure and heart rate responses were recorded, through an
indwelling arterial catheter, before and after intravenous adminis-
tration of phenylephrine (5–40 mg/kg/min) and sodium nitroprus-
side (15–300 mg/kg/min), as previously described in detail.37,41 At the
conclusion of the study, the animals were decapitated and the
remaining kidney (left) and the heart (ventricles) were weighted and
used to determine tissue taurine content.9,21,40
Renal function studies
(A) The animals were placed individually in metabolic cages at
various times throughout the experimental protocol. After a
period of 2 days of acclimation, two consecutive 24-h urine
samples were collected and used for the determination of daily
fluid and electrolyte excretions, protein excretion, and urine
osmolality.9,16,17,25
(B) The protocols for assessment of renal excretory function in
conscious rat with pre-implanted vascular and bladder catheters
have been described in detail.8,9,13,16,17,21,25 Accordingly, renal
responses to either an isotonic saline volume load (5 or 10% of
body weight over 30 min, intravenounsly) or the ANP (0.5 mg/kg/
min for 30 min, 50 ml/min, intravenounsly) were determined. 3H-
Inulin was used for measurement of glomerular filtration rate.
Histological and immunohistochemical examination
Formalin-fixed and paraffin-embedded kidney tissue blocks were
cut in 4 mm sections followed by hematoxylin–eosin and periodic
acid Schiff stainings.42 Immunohistochemical staining42 was carried
out utilizing CD68 (histiocyte marker), leukocyte common antigen
or CD21 (marker for dendritic cells; Dako Corp., Carpinteria, CA,
USA).
Assays
Naþ and Kþ were measured by flame photometry and used to
calculate daily sodium and potassium excretion. Urine osmolality
was measured by an osmometer and urinary protein content by the
Comassie blue method (Sigma, St Louis, MO, USA). Glomerular
filtration rate and fractional excretions of Naþ and Kþ were
calculated using standard clearance formulas.8,9,13,16,17,21,25 For
taurine measurement, the tissue was homogenized in 2% perchloric
acid (1:10 (w/v)) and the supernatant used to assay taurine by the
colorimetric method.9,21,40
Assessment of molecular size distribution of urinary proteins
Urinary samples (containing 3 mg protein) were subjected to linear
gradient (4–20%) SDS-polyacrylamide gel electrophoresis (25 mA
for 1 h; Calzada-Garcia et al.43). The gels were then stained with
0.25% coomassie brilliant blue in a solution of acetic acid (10%),
methanol (45%), and deionized water (45%). Molecular weight stand-
ards were used to identify protein bands (Bio-Rad Laboratories,
Hercules, CA, USA).
Statistics
All data were analyzed by one-way analysis of variance. Variables
that were measured sequentially were analyzed by repeated measure
analysis of variance. Duncan’s post hoc test was used for comparison
of mean values (significance of criteria of Po0.05). Data are
reported as means7s.e.m.
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